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Abstract-The work presented in this paper compares the temperature sensitivity between bare fiber Bragg grating (FBG) and acrylate buffered FBG. Both FBGs were subjected to temperature variation and their wavelength shifts were recorded. It has been found that buffered FBG is more sensitive than bare FBG due to the higher thermal expansion of the acrylate buffer. The wavelength shift of the FBG increased linearly with the increment of temperature producing sensitivity of 0.0127nm/
• C for buffered FBG while the sensitivity of bare FBG is measured at 0.01nm/
• C. The findings emphasize the impact of the acrylate buffer coating in enhancing the FBG temperature sensitivity.
Index Terms-Bare FBG; Buffer FBG; temperature
I. INTRODUCTION
Fiber optic has a number of advantages and are well established in many applications [1] . Some of the advantages of fiber optic are low signal losses, high sensitivity electromagnetic immunity, and electrically passive operation, which means that no need direct electrical power is required during its operation [2] . Consequently, fiber optic has increasingly found a niche in sensing applications due to its excellent performance and many qualities compared with conventional electronic sensor [3] .
Although there are many techniques available to use optical fiber as a sensor, fiber Bragg grating (FBG) is a well-known method due to its capabilities to provide distributed sensing, with very low insertion loss [4] . FBG has the ability to be employed for temperature sensing because it has a thermal expansion coefficient of 5 8 × 10 −6 / • C, which provides high sensitivity [5] . Many techniques have been investigated to improve the temperature sensitivity of the FBG such as cladding-etching [6] , polymer packaging [7] and recoating the FBG with temperature sensitive material such as metal [8] .
In this paper, we look into the effect of temperature variation on conventional acrylate buffered FBG in comparison to bare FBG. Both FBGs were subjected to temperature variation from 27
• C to 100
• C, with both FBGs exhibiting linear incremental wavelength shift with increasing temperature. Higher sensitivity of 0.0127nm/
• C is calculated for buffered FBG due to higher thermal expansion of the acrylate buffer.
II. SENSING PRINCIPLE
The Bragg Wavelength, λ B will be reflected back to the receiver when the grating interacts with the broadband light source based on the equation given below [9] :
where n ef f is the effective refractive index of the fiber core, and Λ is the grating period of the index modulation. The wavelength shift, ∆λ B , for an applied temperature is given by: Figure 1 shows the spectrum of the Bragg wavelength shift corresponding to equation (2). The temperature applied has affected the effective refractive index and grating period of the fiber core. The Bragg wavelength then shifted to the longer wavelength due to the increasing temperature. When the temperature increases at every 5
• C, the wavelength shift is about 0.045nm. Figure 2 shows the experiment setup for temperature sensing. A broadband amplified spontaneous emission source centered at 1550 nm was used as the probe signal. The signal was transmitted from the light source through the circulator then reached the FBG, which was placed inside the oven.
The FBG is based on standard SMF-28 fiber with the grating region covered with 290µm double acrylate coating, which has melting point of 120
• C. The signal at λ B was reflected back through the fiber and into the circulator port 3 where the signal was then measured using the optical spectrum analyzer (OSA). Both sides of the FBG were glued to a glass slide to ensure the sensor was held firmly inside the oven. The temperature was increased from 27
• C at 5
• C interval and the oven was left for 10 min at each particular temperature before the data was taken to avoid any instability within the oven. In this experiment, two types of FBG was used; bare FBG and acrylate buffered FBG. Figure 3 shows the graph of the temperature sensitivity of buffered FBG and bare FBG. It can be observed that the wavelength shift interacts linearly towards the increment of temperature applied to the sensor. Both of them starts at the same initial point 27
• C and have the same linear curve shape. The Bragg wavelength of the buffered FBG were 1565.489nm at 25
• C and 1566.388nm at 100
• C while the Bragg wavelength of the bare FBG were 1565.417nm at 25
• C and 1566.106nm at 100
• C. The maximum Bragg wavelength shift of buffered FBG was 0.899nm, which is higher than bare FBG. The sensitivity of the buffered and bare FBG measurement was calculated at 0.0127nm/
• C and 0.01nm/ • C respectively, which means that buffered FBG has 0.027 times higher sensitivity than the bare fiber. • C to 60 • C, it can observed that the wavelength shift for buffered FBG is not consistently linear due to the thermal expansion of the acrylate polymer.
IV. CONCLUSION
This study compares the temperature sensitivity of buffered FBG and bare FBG. The presence of acrylate polymer which has high thermal expansion leads to higher temperature sensitivity for buffered FBG. Temperature sensitivity 0.027 times higher is observed for buffered FBG compared with bare FBG. The findings highlight the attractiveness of using acrylate buffered FBG as highly sensitive temperature sensor. On the other hand, the high temperature sensitivity has to be taken into account when using buffered FBG for strain sensing purposes despite the better robustness accorded by the buffer coating.
